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ABSTRACT: *\EQWERHSXLIVEWWIWWQIRXW MRLIEPXLWGMIRGIIHYGEXMSREVI
RSXVERHSQIZIRXW VEXLIVXLI]EVITEVXSJEFMKKIVEWWIWWQIRXTVSKVEQXLEXMW
GSRWXVYGXMZIP]EPMKRIH[MXLXLIMRXIRHIHPIEVRMRKSYXGSQIWEXHMǺIVIRXWXEKIW
SJELIEPXLWGMIRGIGYVVMGYPYQ)ITIRHMRKSRXSTMGEPERHXIQTSVEPHMWXERGI
EWWIWWQIRXW MRXLITVSKVEQEVIGSVVIPEXIH[MXLIEGLSXLIVXSEQSVISV PIW-
WIVI\XIRX&PXLSYKLGSVVIPEXMSRHSIWRSXIUYEXIGEYWEXMSRSRGI[IGSQIXS
YRHIVWXERHXLIGSVVIPEXMSREPWXVYGXYVISJEREWWIWWQIRXTVSKVEQ[IGERYWI
XLEX MRJSVQEXMSRXSQEOITVIHMGXMSRWSJJYXYVITIVJSVQERGIXSGSRWMHIVIEVP]
MRXIVZIRXMSRJSVWXYHIRXW[LSEVISXLIV[MWIPMOIP]XSHVSTSYXERHXS MRJSVQ
VIZMWMSRW MRIMXLIVEWWIWWQIRXSVXIEGLMRK8LMWEVXMGPIHIQSRWXVEXIWLS[XLI
GSVVIPEXMSREPWXVYGXYVISJEREWWIWWQIRXTVSKVEQGERFIVITVIWIRXIHMRXIVQW
SJERIX[SVO MR[LMGLXLIEWWIWWQIRXWGSRWXMXYXISYVRSHIWERHXLIHIKVII
SJGSRRIGXIHRIWWFIX[IIRER]X[SRSHIWGERFIVITVIWIRXIHEWEXLMGOIVSV
XLMRRIVPMRIGSRRIGXMRKXLIWIX[SRSHIWHITIRHMRKSR[LIXLIVXLIGSVVIPEXMSR
FIX[IIRXLIX[SEWWIWWQIRXWEXLERHMWWXVSRKIVSV[IEOIV .QTPMGEXMSRWJSV
IHYGEXMSREPTVEGXMGIERHJYVXLIVVIWIEVGLEVIHMWGYWWIH
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Introduction
(YVVMGYPYQHIZIPSTIVWERHXIEGLIVWHSRSXLEZIMXIEW]8LIMVHEMP]NSFW
EVIEFSYXNYKKPMRKFIX[IIREQYPXMXYHISJXEWOWWSQISJ[LMGLTIVXEMR
XSXIEGLMRKERHEWWIWWQIRXMRSRISVWIZIVEPIHYGEXMSREPTVSKVEQWEW
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Assessment programs and their components: a network approach
Programas de avaliação e seus componentes: uma abordagem de rede
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FIX[IIR XLI intended learning outcomes at 
HMǺIVIRXWXEKIWSJEGYVVMGYPYQwhat is taught 
ERH MR[LEX[E]WERHwhat is assessed[MXL
[LMGLQIXLSHW8[SEWWIWWQIRXWXLEXXLVSYKL
XSTMGEPZMGMRMX]LEZIEWYFWXERXMEPSZIVPET MR
XLIMRXIRHIHPIEVRMRKSYXGSQIWXLI]MRXIRHXS
GETXYVI[MPP PMOIP]]MIPHWSQI[LEXGSVVIPEXIH
VIWYPXWERHQSVIWSMJXLIEQSYRXSJXMQIFIX[IIR
XLIWIEWWIWWQIRXWMWVIPEXMZIP]WQEPPIK[MXLMR
XLIWEQIEGEHIQMG]IEVSVEXXLIIRHSJX[S
GSRWIGYXMZIEGEHIQMG]IEVW8LEXMWVIPEXMZIP]
FIXXIVTIVJSVQERGISRSRIEWWIWWQIRXXIRHWXS
KSXSKIXLIV[MXLVIPEXMZIP]FIXXIVTIVJSVQERGI
SRXLISXLIVEWWIWWQIRX[LMPIVIPEXMZIP]TSSV
TIVJSVQERGISRSRIEWWIWWQIRXXIRHWXSKS
XSKIXLIV VIPEXMZIP]TSSVTIVJSVQERGISRXLI
SXLIVEWWIWWQIRX&FWIRGISJWYGLEGSVVIPEXMSR
QE]VIǼIGXE PEGOSJVIPMEFMPMX] MREX PIEWXSRI
SJXLIEWWIWWQIRXWE PEGOSJEGXYEPSZIVPET MR
MRXIRHIHPIEVRMRKSYXGSQIWEXPIEWXSRISJXLI
EWWIWWQIRXWWYǺIVMRKJVSQPMQMXIHZEPMHMX]HYI
XSERYRMRXIRHIHWOMPPMRǼYIRGMRKXLIVIWYPXWSV
WSQIGSQFMREXMSRXLIVISJXEXMWXMGEPEREP]WMW
GERWLIHPMKLXSRXLIVIPMEFMPMX]JEGXSVERHQE]XS
WSQIHIKVIIMRJSVQEGSRXIRXVIZMI[XLEX[MPPFI
RIIHIHXSMRZIWXMKEXIXLISXLIVJEGXSVW
.R XLI PMKLX SJ XLI TVIZMSYWP] QIRXMSRIH
GSRWXVYGXMZIEPMKRQIRXEWWIWWQIRXWSVKERM^IH
MRXLIGSYVWISJEGYVVMGYPYQGERFIGSRGIMZIHEW
RSHIWMRERIX[SVOXLEXVITVIWIRXWXLIEWWIWWQIRX
TVSKVEQJSVXLIGYVVMGYPYQEXLERHXLIHIKVII
SJGSRRIGXIHRIWWSJER]TEMVSJEWWIWWQIRXW
GERFI VITVIWIRXIHEWE PMRI PMROMRK XLI X[S
RSHIWVITVIWIRXMRKXLIWIEWWIWWQIRXWERHXLI
XLMGORIWWSJXLEXPMRIMWEJYRGXMSRSJFSXLtopical 
and temporalZMGMRMX]?A8LEXMWXLIQSVIXSTMGEP
ERHSVXIQTSVEPZMGMRMX]SJX[SEWWIWWQIRXWXLI
WXVSRKIVXLIGSVVIPEXMSRERHXLIVIJSVIXLIXLMGOIV
XLIPMRIFIX[IIRXLIWIX[SEWWIWWQIRXW;LMPI
[IWLSYPHRSXQMWXEOIGSVVIPEXMSRJSVGEYWEXMSR
GSVVIPEXMSRWFIX[IIREWWIWWQIRXWGERLIPTYW
XSZMWYEPM^IERHYRHIVWXERH XLIGSVVIPEXMSREP
WXVYGXYVI SJ ER EWWIWWQIRX TVSKVEQ 8LMW
correlational structure can be used for several 
TYVTSWIW MRGPYHMRKXSQEOITVIHMGXMSRWSJ
WXYHIRXWƶ JYXYVITIVJSVQERGI  XSGSRWMHIV
IEVP]MRXIVZIRXMSRJSVWXYHIRXW[LSEVISXLIV[MWI
PMOIP]XSHVSTSYXERHXS MRJSVQVIZMWMSRWMR
IMXLIVEWWIWWQIRXSVXIEGLMRK8LIVIJSVIXLMW
EVXMGPIHIQSRWXVEXIWLS[ERIQIVKMRKWXEXMWXMGEP
QIXLSHGEPPIHnetwork analysis?AGERLIPTYW
MRXLMWIRHIEZSVSJZMWYEPM^MRKYRHIVWXERHMRKERH
YWMRKXLIGSVVIPEXMSREPWXVYGXYVISJEREWWIWWQIRX
TVSKVEQXLVSYKLEWMQYPEXIH[SVOIHI\EQTPI
XLEXMRGSVTSVEXIWX]TIWSJEWWIWWQIRXWERHXLIMV
GSVVIPEXMSRWGSQQSRP]IRGSYRXIVIHMRIHYGEXMSREP
TVEGXMGI3I\XXLMWEVXMGPITVIWIRXWEJI[KYMHIPMRIW
JSVIHYGEXMSREPTVEGXMGIERHJYXYVIVIWIEVGL
Different models
&GSQQSRETTVSEGLXSQSHIPMRKGSVVIPEXMSRW
FIX[IIREWWIWWQIRXWLEWFIIRXSXVIEXHMǺIVIRX
assessments as manifest indicatorsMISFWIVZIH
ZEVMEFPIWSJWSGEPPIHlatent variables or variables 
XLEXEVIRSXHMVIGXP]SFWIVZIH.RXLMWETTVSEGL
ORS[PIHKIEZEMPEFPISRXLITEVXSJEWXYHIRXMWRSX
SFWIVZIHHMVIGXP]FYXMWEWWYQIHXSFIMRHMGEXIHF]
WXYHIRXWƶTIVJSVQERGISRSRISVQSVIORS[PIHKI
EWWIWWQIRXWXLEXLEZIFIIRHIWMKRIHXSQIEWYVI
XLEXORS[PIHKI8LIWEQILSPHWJSVWOMPPWEXXMXYHIW
ERHSXLIVXVEMXWSVWXEXIWSJMRXIVIWX+SVI\EQTPI
XLVSYKLXLIMVTVSKVEQQIHMGEPWXYHIRXW PIEVR
WIZIVEPWOMPPWXLEXEVIMQTSVXERXMRGPMRMGEPI\EQMREXMSR
MRGPYHMRK LMWXSV] XEOMRK TL]WMGEP I\EQMREXMSR
TVSFPIQ WSPZMRK ERH TEXMIRX VIPEXMSRWLMT ERH
WXYHIRXWƶTIVJSVQERGIWSRGPMRMGEPEWWIWWQIRXWEVI
XVIEXIHEWQERMJIWXMRHMGEXSVWSJXLIWIPEXIRXWOMPPW
.JXLVIIEWWIWWQIRXWQIEWYVIXLIWEQIX]TI
SJORS[PIHKISVWOMPPIKKVEQQEVORS[PIHKI
SVTVSFEFMPMX]GEPGYPYWWOMPPGSVIEWWYQTXMSRMR
XLIPEXIRXZEVMEFPIETTVSEGLMWXLEXXLIWIXLVII
assessments commonly respondXSHMǺIVIRGIWMR
XLIPEXIRXZEVMEFPISJMRXIVIWX.RTVEGXMGEPXIVQW
XLMWQIERWXLEXWXYHIRXW[MXLLMKLIVHIKVIIWSJ
XLEXPEXIRXZEVMEFPIMIQSVIORS[PIHKISVQSVI
WOMPPXIRHXSWGSVILMKLIVSRXLIWIEWWIWWQIRXW
XLERWXYHIRXW[MXLPS[IVHIKVIIWSJXLEXPEXIRX
ZEVMEFPIMI PIWWORS[PIHKISVPIWWWOMPP8LMW
XIRHIRG]MRHYGIWETEXXIVRSJTSWMXMZIGSVVIPEXMSRW
FIX[IIRXLIWIEWWIWWQIRXW[MXLLMKLIVWGSVIW
SRSRIEWWIWWQIRXXIRHMRKXSKSLERHMRLERH
[MXLLMKLIVWGSVIWSRXLISXLIVX[SEWWIWWQIRXW
Jimmie Leppink
&WWIWWQIRXTVSKVEQWERHXLIMVGSQTSRIRXWERIX[SVOETTVSEGL ȴȁ
-S[IZIVHS[IVIEPP]RIIHPEXIRXZEVMEFPIW
XSI\TPEMRXLMWOMRHSJTEXXIVRW$ .JEKVSYTSJ
ERMQEPWƳFMVHWGS[WXMKIVWSVSXLIVƳHIGMHI
XSQSZIEWEKVSYTMREWTIGMǻGHMVIGXMSRXLEX
MWFIGEYWIXLI]GSQQYRMGEXIVEXLIVXLERXLIVI
FIMRKWSQIYRSFWIVZIHPEXIRXFMVHGS[XMKIV
SVSXLIVERMQEPXS[LMGLXLIKVSYTSJERMQEPW
GSQQSRP]VIWTSRH1MOI[MWI MJ[ILEZIXLVII
EWWIWWQIRXW[MXLXLIWEQIX]TIWSJUYIWXMSRW
WXYHIRXWƶTIVJSVQERGIWEVI PMOIP]KSMRKXSFI
WMQMPEVSRXLIWIXLVIIEWWIWWQIRXWVIKEVHPIWW
SJER]OMRHSJ PEXIRXZEVMEFPIWFIGEYWISJLS[
XLIUYIWXMSRWEVI JSVQYPEXIH'IWMHIWIZIR
if assessments can be conceived as manifest 
MRHMGEXSVWSJ PEXIRXZEVMEFPIW PMOIORS[PIHKI
ERHWOMPPXLI]QE]FIMRHMGEXSVWSJWIZIVEPPEXIRX
ZEVMEFPIWIKHMǺIVIRXX]TIWSJORS[PIHKISV
WOMPPFIMRKQIEWYVIHF]XLIEWWIWWQIRXERHXS
ZEV]MRKHIKVIIWJVSQSRISGGEWMSRXSXLIRI\X
Conceiving series of assessments in terms of 
RIX[SVOWMWPMOIEKVSYTSJERMQEPWQSZMRKMRXLI
WEQIHMVIGXMSR [IHSRSXRIIHPEXIRXZEVMEFPIW
XSYRHIVWXERHGSVVIPEXMSRWFIX[IIREWWIWWQIRXW
ERHLS[XLIWIGSVVIPEXMSRWZEV]EGVSWW]IEVWMR
EREWWIWWQIRXTVSKVEQ2SZMRKE[E]JVSQPEXIRX
ZEVMEFPIWEPWSGSQIW[MXLXLIEHZERXEKISJPS[IV
HIQERHWSRWEQTPIWM^I [LMPIEGSLSVXSJXS
WXYHIRXWQE]FIPEVKIIRSYKLXSIWXMQEXI
GSVVIPEXMSRW[LMGL[IXLIRZMWYEPM^IMRERIX[SVO
TPSXWYGLEWEQTPIWM^IMWVEVIP]MJIZIVIRSYKL
for meaningful latent variable modeling. 
Correlations visualized in a network
.REL]TSXLIXMGEP-IEPXLGMIRGI5VSKVEQ<
[LMGL MWE JSYV]IEVYRHIVKVEHYEXITVSKVEQ
WXYHIRXWJEGIEXSXEPSJXLMVXIIREWWIWWQIRXWXLEX
GERFIGEXIKSVM^IHMRJSYVEVIEWHealthResearch
CommunicationERHThesis+SVIEGLSJ-IEPXL
ERH7IWIEVGLWXYHIRXWGSQTPIXIE[VMXXIRI\EQ
XS[EVHWXLIIRHSJIEGLSJXLIJSYVEGEHIQMG
]IEVW+SV(SQQYRMGEXMSRWXYHIRXWHIPMZIVE
XLMVX]QMRYXIWTVIWIRXEXMSRJSPPS[IHF]ǻJXIIR
QMRYXIWSJUYIWXMSRWSRETVIHIXIVQMRIHXSTMG
XS[EVHWXLIIRHSJIEGLSJXLIJSYVEGEHIQMG
]IEVW+MREPP]XLIXLIWMWTVSNIGXVYRWXLVSYKLSYX
XLIJSYVXLEGEHIQMG]IEVERHVIWYPXWMRE[VMXXIR
XLIWMWEXXLIIRHSJXLIJSYVXL]IEV&PPXLMVXIIR
assessments result in a score ranging from 0% 
QMRMQYQXS	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KVEHYEXIWTable 1TVIWIRXWXLI
GSVVIPEXMSRWFIX[IIRXLIWIEWWIWWQIRXWMI-
-77ERH((VITVIWIRXXLII\EQWMR=IEVW
JSV-IEPXL7IWIEVGLERH(SQQYRMGEXMSR
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TABLE 1  5IEVWSRƶWGSVVIPEXMSRWFIX[IIREWWIWWQIRXWMR-IEPXLGMIRGI5VSKVEQ<
H1 H2 H3 H4 R1 R2 R3 R4 C1 C2 C3 C4 
H2 0.391 c c c c c c c c c c c
H3 0.287  c c c c c c c c c c
H4  0.217 0.277 c c c c c c c c c
R1 0.403  0.288 0.094 c c c c c c c c
R2 0.272 0.340 0.301 0.161 0.427 c c c c c c c
R3 0.180 0.313 0.413   0.444 c c c c c c
R4 0.042   0.303 0.148  0.440 c c c c c
C1  0.293 0.191 -0.013  0.343 0.187 0.147 c c c c
C2 0.261 0.283 0.221 0.093 0.424 0.461 0.240  0.441 c c c
C3 0.180 0.281 0.247 0.089 0.327 0.372  0.283 0.273  c c
C4 0.074 0.216 0.246  0.178 0.320 0.314 0.422 0.131 0.288 0.317 c
TH 0.072 0.168 0.233 0.368 0.091 0.286 0.322  0.082 0.221 0.238 
ȏȁ GMIRXME2IHMGE5SVXS&PIKVIZTNERHI^`I
Figure 1ZMWYEPM^IWXLIGSVVIPEXMSRWTVIWIRXIH
MR8EFPI MRERIX[SVOJSVQEX WSJX[EVIYWIH
/&5ZIVWMSR?AE^ IVSGSWX4TIRSYVGI
WXEXMWXMGEPWSJX[EVITVSKVEQXLEXLEWZIV]KSSH
JEGMPMXEXIWJSVRIX[SVOEREP]WMW
Figure 1  (SVVIPEXMSRWRIX[SVOSJXLIEWWIWWQIRXW
MR-IEPXLGMIRGI5VSKVEQ<RSR^IVSIHKIW
MIWTEVWMX]"
 
.R+MKYVI[ISRP]WIIFPYIPMRIWFIGEYWI
EPPGSVVIPEXMSRWI\GITXJSVSRIMI([MXL-
EVITSWMXMZI RIKEXMZIGSVVIPEXMSRW[SYPHFI
VITVIWIRXIHEWVIHPMRIWERHXLISRP]SRISYX
SJGSVVIPEXMSRWXLEXMWRIKEXMZIMWWSGPSWIXS
^IVSXLEXXLI PMRI MW ƵPSWXƶ MRXLIJSVIWXSJFPYI
PMRIW.J]SY[SRHIVLS[[IKSXXSXLIRYQFIV
SJGSVVIPEXMSRWKMZIRkZEVMEFPIWXLIRYQFIV
of correlations K
C
XLEXGERFIIWXMQEXIHIUYEPW
K
C
"?kkƳA
+SVZEVMEFPIWXLMWQIERWK
C
"?A"
;IWIIXLEXXLIGSVVIPEXMSRWEVIWXVSRKIWX8EFPI
ERHXLIVIJSVIXLIPMRIWEVIXLMGOIWX+MKYVI
FIX[IIREHNEGIRXI\EQWJVSQXLIWEQIXLIQI
IK--((77EW[IPPEWFIX[IIR
I\EQWJVSQHMǺIVIRXXLIQIWXEOMRKTPEGIMRXLI
WEQIEGEHIQMG]IEV*\EQWJVSQXLIWEQIXLIQI
LEZIELMKLtopical ZMGMRMX][LIVIEWI\EQWMRXLI
WEQIEGEHIQMG]IEVLEZIELMKLtemporalZMGMRMX]
.RSXLIV[SVHWXLIGSRRIGXIHRIWWSJER]X[S
assessments is a function of topical and temporal 
ZMGMRMX][LMGLI\TPEMRW[L]GSVVIPEXMSRWFIX[IIR
I\EQWMR=IEVERHI\EQWMR=IEVEVIWYFWXERXMEPP]
WQEPPIVMIGSQQSRP]MRXLI? AVERKIXLER
XLIGSVVIPEXMSRW[MXLLMKLIVXSTMGEPSVXIQTSVEP
ZMGMRMX]MIQSVIGSQQSRP]MRXLI? AVERKI
XYH]MRKGSVVIPEXMSRWFIX[IIREWWIWWQIRXW
XLEXEVII\TIGXIHXSLEZIEGPIEVXSTMGEPZMGMRMX]
ERHXLEXEVIEHQMRMWXIVIHMRXLIWEQIEGEHIQMG
]IEVGERLIPTXSYRHIVWXERHMJXLEXI\TIGXEXMSRSJ
LMKLXSTMGEPZMGMRMX]MWMRHIIHVIEPMWXMG GSVVIPEXMSRW
MRXLI ? A VERKISVEFSZIEHHIQTMVMGEP
WYTTSVX XSXLEXI\TIGXEXMSR-S[IZIVǻRHMRK
WQEPPIVGSVVIPEXMSRWFIX[IIREWWIWWQIRXWQE]
TSMRXEXIMXLIVVIPMEFMPMX] MWWYIWJSVEX PIEWXSRI
SJXLIEWWIWWQIRXWSVXLIEWWIWWQIRXWYRHIV
GSQTEVMWSREX PIEWXTEVXP]QIEWYVMRKHMǺIVIRX
XVEMXWSVWXEXIW7IPMEFMPMX]MWWYIWGERFIWXYHMIH
F]EWWIWWMRKVIPMEFMPMX]WXEXMWXMGWSJIEGLSJXLI
EWWIWWQIRXW  MJ XLIWIWXEXMWXMGW MRHMGEXIKSSH
VIPMEFMPMX]JSVIEGLSJXLIEWWIWWQIRXWVIPMEFMPMX]
MWWYIWEVIRSPSRKIVETPEYWMFPII\TPEREXMSRJSV
XLITSSVGSVVIPEXMSRFIX[IIREWWIWWQIRXW&
WMQMPEVVIEWSRMRKKSIWJSVEWWIWWQIRXWXLEXEVI
WYTTSWIHXSQIEWYVIXLIWEQIORS[PIHKISVWOMPP
VITIEXIHP]MRXLII\EQTPILIVI--((ERH
77&PXLSYKLEPSXGERLETTIRMREREGEHIQMG
]IEVERHXLIVIJSVI--SV((GSVVIPEXMSRW
RIIHRSXFILMKLIVXLERǻRHMRKGSVVIPEXMSRW
[IPPFIPS[[SYPHFIWYVTVMWMRKERHEKEMR
MRHMGEXIIMXLIVVIPMEFMPMX]MWWYIW[MXLEXPIEWXSRISJ
XLIEWWIWWQIRXWXSFIGLIGOIHXLVSYKLVIPMEFMPMX]
WXEXMWXMGWJSVIEGLSJXLIEWWIWWQIRXWSVXLIX[S
EWWIWWQIRXWQIEWYVMRKUYMXIHMǺIVIRXXLMRKW
A more parsimonious network
8LIGSVVIPEXMSRWTVIWIRXIH MR8EFPIERH
ZMWYEPM^IHMR+MKYVIGSQI[MXLEGLEPPIRKIWMRGI
EGSVVIPEXMSRMWMRTVEGXMGIVEVIP]exactly MIMR
[LMGLGEWIXLIVI[SYPHFIRSPMRIFIX[IIRXLI
X[SEWWIWWQIRXWEXLERHMXGERFIGSQIHMǽGYPX
XSVIGSKRM^IQIERMRKJYPTEXXIVRWMRERIX[SVOƳ
IWTIGMEPP]MRXLIGEWISJQSVIEWWIWWQIRXWERH
LIRGIPEVKIVRIX[SVOWƳERHMXIEWMP]VIWYPXWMR
ZEKYIWXEXIQIRXW PMOIeverything is connected 
with everythingWXEXIQIRXWXLEXEVISJPMXXPIYWI
Jimmie Leppink
&WWIWWQIRXTVSKVEQWERHXLIMVGSQTSRIRXWERIX[SVOETTVSEGL ȍȁ
XSIHYGEXMSREPTVEGXMGISVVIWIEVGL8LIVIJSVI
[LMPI8EFPIERH+MKYVIGSRWXMXYXIERMQTSVXERX
starting pointXSLIPTYWYRHIVWXERHXS[LEXZEV]MRK
HIKVIIWHMǺIVIRXEWWIWWQIRXWEVIMRXIVVIPEXIH
MRSVHIVXSVIGSKRM^I MQTSVXERXTEXXIVRWQSVI
IEWMP][IRIIHEQSVITEVWMQSRMSYWETTVSEGL
EWERI\XWIGSRHWXITFigure 2WSJX[EVIYWIH
/&5ZIVWMSR ?ATVIWIRXWWYGLEQSVI
TEVWMQSRMSYWETTVSEGL
Figure 2  2SVITEVWMQSRMSYWRIX[SVOSJXLIEWWIW-
WQIRXWMR-IEPXLGMIRGI5VSKVEQ<RSR^IVS
IHKIWMIWTEVWMX]"
 
:IV]WYGGMRGXP]TYXXLIQIXLSHYWIHXSGVIEXI
XLIRIX[SVO MR+MKYVI[SVOWEWJSPPS[W8LI
GSVVIPEXMSRWTVIWIRXIHMR8EFPIEVIWSGEPPIH
bivariate GSVVIPEXMSRWXLEXMWXLI]EVIGSVVIPEXMSRW
FIX[IIREKMZIRTEMVSJEWWIWWQIRXWVIKEVHPIWW
SJLS[WXVSRKP]XLIWIX[SEWWIWWQIRXWGSVVIPEXI
[MXLSXLIVEWWIWWQIRXWMRXLIRIX[SVO&TEVXJVSQ
FMZEVMEXIGSVVIPEXMSRW[IGEREPWSGSQTYXIpartial 
GSVVIPEXMSRWGSVVIPEXMSRWFIX[IIREWWIWWQIRXWƶ
residualsVIWYPXMRKJVSQLEZMRKEGGSYRXIHJSVSXLIV
EWWIWWQIRXWMRXLIRIX[SVO.RERIX[SVO[MXLXLVII
EWWIWWQIRXWƳ&'ERH(ƳXLITEVXMEPGSVVIPEXMSR
FIX[IIREWWIWWQIRXW&ERH'MWXLIGSVVIPEXMSR
FIX[IIRXLIVIWMHYEPWSFXEMRIHJVSQEVIKVIWWMSRSJ
&SR(ERHXLIVIWMHYEPWSFXEMRIHJVSQEVIKVIWWMSR
SJ'SR(;LIVIQSVIXLERXLVIIEWWIWWQIRXWEVI
GSRGIVRIHXLITEVXMEPGSVVIPEXMSRFIX[IIR&ERH'
MWXLIGSVVIPEXMSRFIX[IIRXLIVIWMHYEPWVIWYPXMRK
JVSQEVIKVIWWMSRSJ&SREPPSXLIVEWWIWWQIRXW
I\GITX ' ERH XLI VIWMHYEPW VIWYPXMRK JVSQ E
VIKVIWWMSRSJ'SREPPSXLIVEWWIWWQIRXWI\GITX
&&PXLSYKLTEVXMEPGSVVIPEXMSRWGERFI[IEOIV
EW[IPPEWWXVSRKIVXLERFMZEVMEXIGSVVIPEXMSRWMR
RIX[SVOWSJTSWMXMZIP]GSVVIPEXIHEWWIWWQIRXW
TEVXMEPGSVVIPEXMSRWEVIYWYEPP][IEOIV;LIR[I
XLIRETTP]EXIGLRMUYIGEPPIH1IEWX&FWSPYXI
LVMROEKIERHIPIGXMSR4TIVEXSV 1&4?A
TEVXMEPGSVVIPEXMSRWXLEXEVIGPSWIIRSYKLXS^ IVS
WLVMROXSI\EGXP]^IVSERHXLIVIJSVIHSRSXRIIH
XSFIIWXMQEXIHVIWYPXMRKMRRSPMRIGSRRIGXMRK
XLIX[SEWWIWWQIRXWYRHIVGSRWMHIVEXMSR8LI
HIKVIIXS[LMGLXLMWWLVMROEKIXEOIWTPEGIGERFI
WIPIGXIHF]YWMRKERMRJSVQEXMSRGVMXIVMSRORS[R
EWXLI*\XIRHIH'E]IWMER.RJSVQEXMSR(VMXIVMSR
*'.(?A8LMWGSQFMREXMSRSJ*'.(ERH1&4
LEWFIIRGEPPIH*'.(KPEWWSIKXLIƵKƶWXERHWJSV
ƵKVETLMGEPƶ?AERHMWXLIQIXLSHYWIHXSGVIEXI
XLIRIX[SVOMR+MKYVI
.R +MKYVI  [LMGL YWIW XLI GSVVIPEXMSRW
JVSQ8EFPIEPP PMRIWSV ƵIHKIWƶEVIRSR^IVS
ERHXLIVIJSVIXLIVIEVIGSVVIPEXMSRWXSFI
IWXMQEXIH&PPGSVVIPEXMSRWXLEXGERFIIWXMQEXIH
EVIIWXMQEXIHERHXLEXVIWYPXWMRERIX[SVOsparsity 
SJ^IVS.R+MKYVIEXSXEPSJSJXLITEVXMEP
GSVVIPEXMSRWLEZIWLVYROXS^ IVSERHXLIVIJSVIXLI
WTEVWMX]SJXLIRIX[SVOMWSV SRP]SJ
XLIGSVVIPEXMSRWMIX[SXLMVHWEVIIWXMQEXIH
Different questions
8LIRIX[SVOWMR+MKYVIERH+MKYVIVIWTSRH
XSHMǺIVIRXUYIWXMSRW4RXLISRILERH[LIR
XLIUYIWXMSRMWXS[LEXHIKVIIWHMǺIVIRXTEMVWSJ
EWWIWWQIRXWEVIGSVVIPEXIH[IRIIHXLIFMZEVMEXI
GSVVIPEXMSRWXLEXEVIZMWYEPM^IH MR+MKYVI4R
XLISXLIVLERH[LIRXLIUYIWXMSRMW[LMGLEVI
XLIQSWXMQTSVXERXGSRRIGXMSRWMRERIX[SVOSJ
QER]EWWIWWQIRXW+MKYVIMWQSVIYWIJYP+SV
I\EQTPI MJ[IEVI MRXIVIWXIH MRTVIHMGXMRK8-
MIXLIǻREPEWWIWWQIRXXLEXMWHIPMZIVIHMRXLMW
TVSKVEQTIVJSVQERGIF]SXLIVEWWIWWQIRXW
+MKYVIQMKLXQEOISRIXLMRO[IRIIHEPPX[IPZI
SXLIVEWWIWWQIRXWMRXLIIUYEXMSR[LIVIEWJVSQ
+MKYVI[IPIEVRXLEX[ITVSFEFP]RIIHRSX
Ȱȁ GMIRXME2IHMGE5SVXS&PIKVIZTNERHI^`I
PSSOQYGLMJER]JYVXLIVXLER(7ERH-MI
XLIXLVIIXLIQIEWWIWWQIRXW MR=IEV+VSQ
8EFPI[IPIEVRXLEXEQYPXMTPIPMRIEVVIKVIWWMSR
QSHIP[MXL(7ERH-EWTVIHMGXSVWI\TPEMRW
EFSYX	SJXLIZEVMERGI MR8-ERHXLEXRS
WXEXMWXMGEPP]SVTVEGXMGEPP]WMKRMǻGERXKEMRMRXLEX
TVSTSVXMSRSJZEVMERGII\TPEMRIHMWEGLMIZIHF]
EHHMRKER]SJXLISXLIVTVIHMGXSVW1MOI[MWIMJ[I
EVIMRXIVIWXIHMRXLIUYIWXMSRXS[LEXI\XIRXXLI
=IEVXLIQIEWWIWWQIRXWGERTVIHMGX7MIXLI
=IEV7IWIEVGLEWWIWWQIRX+MKYVIMRHMGEXIW
XLEX MREVIKVIWWMSRQSHIP[MXL(-ERH7
XLIPEXXIVGSRXVMFYXIWQSWXXSXLITVIHMGXMSRSJ
7[LMGLQEOIWWIRWIKMZIRXLIXSTMGEPZMGMRMX]
+VSQ8EFPI[IPIEVRXLEXEVIKVIWWMSRQSHIP
[MXL7I\TPEMRWEFSYX	SJXLIZEVMERGIMR7
MIXLIWUYEVISJMR8EFPIEVIKVIWWMSR
QSHIP[MXL7ERH(I\TPEMRWEFSYX	SJ
XLIZEVMERGI MR7ERHEHHMRK-XSXLIPEXXIV
VIKVIWWMSRQSHIPSRP]MRGVIEWIWXLITVSTSVXMSR
SJZEVMERGII\TPEMRIHXS	ERMRGVIEWI[LMGL
MWRIMXLIVTVEGXMGEPP]RSVWXEXMWXMGEPP]WMKRMǻGERX
Examples of other questions for which 
network analysis can be useful
&PXLSYKLRIX[SVOEREP]WMW MW MR XLMWEVXMGPI
TVIWIRXIHEWEYWIJYPQIXLSHMRXLIGSRXI\XSJ
EWWIWWQIRXERHXLIIZEPYEXMSRSJEREWWIWWQIRX
TVSKVEQ[LMGLLEWPSRKMXYHMREPXLIQIWVYRRMRK
XLVSYKLXLIGYVVMGYPYQRIX[SVOEREP]WMWGER
FI YWIH MR EWWIWWQIRX TVSKVEQW MR [LMGL
WYGLPSRKMXYHMREPWXVYGXYVIWEVIEFWIRXEW[IPP
2SVI FVSEHP] RIX[SVO EREP]WMW MW E QIXLSH
XLEXLEWQER]TVSQMWMRKETTPMGEXMSRW4RIPMRI
SJETTPMGEXMSRW MW JSYRH MRXLIGSRXI\XSJ XLI
TVIZMSYWP]QIRXMSRIHPEXIRXZEVMEFPIQSHIPMRK
(YVVIRXP]JEGXSVEREP]XMGERHSXLIVPEXIRXZEVMEFPI
QIXLSHWEVIYWIHXSI\EQMRIXLITW]GLSQIXVMG
WXVYGXYVISJQIEWYVIQIRX MRWXVYQIRXWERH MR
WSQIGEWIWLS[PEXIRXZEVMEFPIWWYTTSWIHP]
QIEWYVIHF]HMǺIVIRXMRWXVYQIRXWQE]FIVIPEXIH
3IX[SVOEREP]WMWTVSZMHIWEGSQTPIQIRXSJSV
XSWSQII\XIRXTIVLETWEREPXIVREXMZIXSPEXIRX
ZEVMEFPIQIXLSHW;LMPIMRPEXIRXZEVMEFPIQSHIPW
SFWIVZIHZEVMEFPIWWYGLEWUYIWXMSRREMVIMXIQW
SVMRXLIGSRXI\XSJXLMWEVXMGPIEWWIWWQIRXWEVI
EWWYQIHXSFIGEYWEPP]MRǼYIRGIHF]YRSFWIVZIH
PEXIRXZEVMEFPIW MRRIX[SVOQSHIPW MXIQWSV
EWWIWWQIRXWXLEXQIEWYVI QSVISV PIWW XLI
WEQIZEVMEFPIWSJMRXIVIWXWMQTP]GPYWXIVXSKIXLIV
MRGPMUYIWMRERIX[SVO1EXIRXZEVMEFPIQSHIPW
EVIEFMX PMOIWIIMRKTISTPIFIMRKTSWMXMSRIH
ERHQSZMRKMRXLIWEQIHMVIGXMSRMRVIWTSRWIXS
YRSFWIVZIHPEXIRXTISTPI,SHW$QSZMRKXLIQ
.RRIX[SVOQSHIPWXSTMGEPERHXIQTSVEPZMGMRMX]
TVSZMHIHMVIGXP]SFWIVZIHQERMJIWXZEVMEFPIW
XSI\TPEMR[L]WSQIMXIQWSVEWWIWWQIRXWSV
MRXLIQIXETLSVTISTPIEVIQSVIGSRRIGXIH
XLERSXLIVW RSPEXIRXZEVMEFPIWEVIRIIHIH8LI
XLMVXIIREWWIWWQIRXW MRXLII\EQTPIRIX[SVO
EVII\EQWGSVIWFYXRIX[SVOEREP]WMWGEREPWS
FIETTPMIHXSJSVI\EQTPIWGSVIWSJI\EQsub-
scores+SVI\EQTPI MREGPMRMGEPI\EQ[LIVI
QIHMGEPWXYHIRXWEVIEWWIWWIHSRLMWXSV]XEOMRK
TL]WMGEPI\EQMREXMSRTVSFPIQWSPZMRKERHTEXMIRX
VIPEXMSRWLMTMREWIVMIWSJWXEXMSRWIEGLSJ[LMGL
MWSRIWXYHIRXTEXMIRX SVWXYHIRXWMQYPEXIH
TEXMIRXMRXIVEGXMSRRIX[SVOEREP]WMWGERLIPTXS
WIILS[XLIWYFWGSVIWSRXLIWIHMǺIVIRXWOMPPW
EVI MRXIVGSVVIPEXIH[MXLMRERHEGVSWWWXEXMSRW
IKWII(LETXIVWMR?A
&RSXLIV GSRXI\X MR[LMGL RIX[SVO EREP]WMW
MWZIV]YWIJYPMWJSYRHMRWXYHMIW[MXLVITIEXIH
QIEWYVIQIRXWSVPEVKIVXMQIWIVMIW[MXLXLIWEQI
TEVXMGMTERXW RIX[SVOEREP]WMWGERXLIRLIPTXS
EGUYMVIERYRHIVWXERHMRKSJXLIVIWMHYEPZEVMERGI
GSZEVMERGIWXVYGXYVISJXLIWIXSJQIEWYVIQIRXW
IK(LETXIVMR1ITTMRO?A8VEHMXMSREPJEMVP]WMQTPI
WXEXMWXMGEPQSHIPWSJXIREWWYQIXLEXXLIGSVVIPEXMSR
MW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